
Horse Heaven Wind Farm Updated EFSEC Application for Site Certification 

Horse Heaven Wind Farm, LLC  

APPENDIX O:  ACOUSTIC MODELING RESULTS BY NOISE 
SENSITIVE RECEPTORREPORTS (REVISED)













































































 Baseline Sound Survey Report 
Benton County Horse Heaven Wind Project 

Horse Heaven Wind Farm, LLC iii  

TABLE OF CONTENTS 
1 INTRODUCTION ................................................................................................................... 1 

1.1 Project Lease Boundary and Vicinity ........................................................................... 1 

1.2 Acoustic Metrics and Terminology .............................................................................. 5 

2 EXISTING SOUND ENVIRONMENT .................................................................................... 7 

2.1 Instrumentation ............................................................................................................ 7 

2.2 Monitoring Locations ................................................................................................... 8 

3 RESULTS .............................................................................................................................. 8 

3.1 Monitoring Location 1 .................................................................................................. 8 

3.2 Monitoring Location 2 ................................................................................................ 10 

3.3 Monitoring Location 3 ................................................................................................ 12 

3.4 Monitoring Location 4 ................................................................................................ 14 

3.5 Monitoring Location 5 ................................................................................................ 16 

4 CONCLUSIONS .................................................................................................................. 18 

5 REFERENCES .................................................................................................................... 19 

 

LIST OF TABLES 
Table 1-1. Sound Pressure Levels and Relative Loudness of Typical Noise Sources and 

Acoustic Environments ........................................................................................... 6 
Table 1-2. Acoustic Terms and Definitions .............................................................................. 6 
Table 2-1. Measurement Equipment ........................................................................................ 7 
Table 4-1. Baseline Sound Survey Results, Leq (dBA) ........................................................... 19 
 

FIGURES 
Figure 1-1. Project Lease Boundary and Vicinity ...................................................................... 3 
Figure 3-1. Photograph of ML-1 ................................................................................................ 9 
Figure 3-2. ML-1 Time History Plot ........................................................................................... 9 
Figure 3-3. ML-1 Regression Analysis .................................................................................... 10 
Figure 3-4. Photograph of ML-2 .............................................................................................. 11 
Figure 3-5. ML-2 Time History Plot ......................................................................................... 11 
Figure 3-6. ML-2 Regression Analysis .................................................................................... 12 
Figure 3-7. Photograph of ML-3 .............................................................................................. 13 
Figure 3-8. ML-3 Time History Plot ......................................................................................... 13 
Figure 3-9. ML-2 Regression Analysis .................................................................................... 14 
Figure 3-10. Photograph of ML-4 .............................................................................................. 15 













 Baseline Sound Survey Report 
Benton County Horse Heaven Wind Project 

Horse Heaven Wind Farm, LLC 5 

1.2 Acoustic Metrics and Terminology 
All sounds originate with a source, whether it is a human voice, motor vehicles on a roadway, or a 
combustion turbine.  Energy is required to produce sound and this sound energy is transmitted through the 
air in the form of sound waves – tiny, quick oscillations of pressure just above and just below atmospheric 
pressure.  These oscillations, or sound pressures, impinge on the ear, creating the sound we hear.  A sound 
source is defined by a sound power level (LW), which is independent of any external factors.  By 
definition, sound power is the rate at which acoustical energy is radiated outward and is expressed in units 
of watts. 

A source sound power level cannot be measured directly.  It is calculated from measurements of sound 
intensity or sound pressure at a given distance from the source outside the acoustic and geometric near- 
field.  A sound pressure level (LP) is a measure of the sound wave fluctuation at a given receiver location 
and can be obtained through the use of a microphone or calculated from information about the source 
sound power level and the surrounding environment.  The sound pressure level in decibels (dB) is the 
logarithm of the ratio of the sound pressure of the source to the reference sound pressure of 20 
microPascals (μPa), multiplied by 20.1.  The range of sound pressures that can be detected by a person 
with normal hearing is very wide, ranging from about 20 μPa for very faint sounds at the threshold of 
hearing, to nearly 10 million μPa for extremely loud sounds such as a jet during take-off at a distance of 
300 feet. 

Broadband sound includes sound energy summed across the entire audible frequency spectrum.  In 
addition to broadband sound pressure levels, analysis of the various frequency components of the sound 
spectrum can be completed to determine tonal characteristics.  The unit of frequency is hertz (Hz), 
measuring the cycles per second of the sound pressure waves.  Typically, the frequency analysis examines 
11 octave bands ranging from 16 Hz (low) to 16,000 Hz (high).  Since the human ear does not perceive 
every frequency with equal loudness, spectrally-varying sounds are often adjusted with a weighting filter.  
The A-weighted filter is applied to compensate for the frequency response of the human auditory system 
and is represented in A-weighted decibel (dBA). 

Sound can be measured, modeled, and presented in various formats, with the most common metric being 
the equivalent sound level (Leq).  The Leq has been shown to provide both an effective and uniform 
method for comparing time-varying sound levels and is widely used in acoustic assessments in the State 
of Washington.  Estimates of noise sources and outdoor acoustic environments, and the comparison of 
relative loudness are presented in Table 1-1.  Table 1-2 presents additional reference information on 
terminology used in the report.  
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Table 1-1. Sound Pressure Levels and Relative Loudness of Typical Noise Sources and 
Acoustic Environments 

Noise Source or Activity Sound Level 
(dBA) Subjective Impression 

Vacuum cleaner (10 feet) 70 
Moderate Passenger car at 65 miles per hour (25 feet) 65 

Large store air-conditioning unit (20 feet) 60 
Light auto traffic (100 feet) 50 

Quiet 
Quiet rural residential area with no activity 45 
Bedroom or quiet living room; Bird calls 40 

Faint 
Typical wilderness area 35 
Quiet library, soft whisper (15 feet) 30 Very quiet 
Wilderness with no wind or animal activity 25 

Extremely quiet 
High-quality recording studio 20 
Acoustic test chamber 10 Just audible 
 0 Threshold of hearing 

Adapted from: Kurze and Beranek (1988) and EPA (1971) 

Table 1-2. Acoustic Terms and Definitions 
Term Definition 

Noise Typically defined as unwanted sound.  This word adds the subjective response 
of humans to the physical phenomenon of sound.  It is commonly used when 
negative effects on people are known to occur. 

Sound Pressure 
Level (LP) 

Pressure fluctuations in a medium.  Sound pressure is measured in dB 
referenced to 20 μPa, the approximate threshold of human perception to sound 
at 1,000 Hz. 

Sound Power Level 
(LW) 

The total acoustic power of a noise source measured in dB referenced to 
picowatts (one trillionth of a watt).  Noise specifications are provided by 
equipment manufacturers as sound power as it is independent of the 
environment in which it is located.  A sound level meter does not directly 
measure sound power. 

Equivalent Sound 
Level (Leq) 

The Leq is the continuous equivalent sound level, defined as the single sound 
pressure level that, if constant over the stated measurement period, would 
contain the same sound energy as the actual monitored sound that is 
fluctuating in level over the measurement period. 

A-Weighted Decibel 
(dBA) 

Environmental sound is typically composed of acoustic energy across all 
frequencies.  To compensate for the auditory frequency response of the human 
ear, an A-weighting filter is commonly used for describing environmental sound 
levels.  Sound levels that are A-weighted are presented as dBA in this report. 

Unweighted 
Decibels (dBL) 

Unweighted sound levels are referred to as linear.  Linear decibels are used to 
determine a sound’s tonality and to engineer solutions to reduce or control 
noise as techniques are different for low and high frequency noise.  Sound 
levels that are linear are presented as dBL in this report. 

Propagation and 
Attenuation 

Propagation is the decrease in amplitude of an acoustic signal due to geometric 
spreading losses with increased distance from the source.  Additional sound 
attenuation factors include air absorption, terrain effects, sound interaction with 
the ground, diffraction of sound around objects and topographical features, 
foliage, and meteorological conditions including wind velocity, temperature, 
humidity, and atmospheric conditions. 
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stationary object.  All monitoring stations were anchored in a manner that avoided interference from any 
large vertical reflective surfaces.   

Prior to and immediately following the measurement session, the sound analyzers were calibrated (no 
level adjustment was required) with two ANSI Type 1 calibrators which have an accuracy traceable to the 
National Institute of Standards and Technology.  The maximum observed calibration drift ranged 
from -0.1 dB to +0.2 dB, which is well within acceptable tolerances for long term baseline sound 
measurements. 

2.2 Monitoring Locations  
Monitoring locations were selected with the assistance of the Applicant to be representative of residences 
that would be in proximity to Project Turbines.  Measurements were continuously logged at each location 
and those measurements were correlated with wind speed data collected by on-site meteorological towers 
as shown in Figure 1-1.  Using the sound level measurement and wind speed data, a regression analysis 
was conducted for each monitoring location and the best fit correlation coefficient using a second order 
polynomial equation was evaluated.  The measured Leq sound levels were divided into daytime (7:00 a.m. 
to 10:00 p.m.) and nighttime (10:00 p.m. to 7:00 a.m.) periods to show diurnal variation at a monitoring 
position.  Additional descriptions of the monitoring locations and field observations are provided in 
Section 3.  Time history and regression analysis plots are also given for each monitoring location.  Please 
note that measured sound pressure level data were evaluated and filtered to eliminate precipitation events 
and atypical extraneous sound contributions.   

3 RESULTS 

3.1 Monitoring Location 1  
Monitoring location 1 was situated at a residence along Henson Road in Prosser, Washington (Universal 
Transverse Mercator [UTM] Zone 11T: 311134E, 5117731N).  Larson Davis 831, Serial No. 3386, was 
used to collect data at this location.  Observations during deployment were that the location was relatively 
quiet with agricultural activities and sporadic noise from animals onsite contributing to ambient sound 
levels.  Figure 3-1 includes a photograph of the monitoring location.  Figure 3-2 provides the time history 
and Figure 3-3 provides the regression analyses of ambient sound levels during daytime and nighttime 
monitoring periods. 
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Figure 3-1. Photograph of ML-1 

 

 

Figure 3-2. ML-1 Time History Plot 
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Figure 3-3. ML-1 Regression Analysis 

 

3.2 Monitoring Location 2 
Monitoring location 2 was situated at a residence along C Williams Road in Kennewick, Washington 
(UTM Zone 11T: 321518E, 5109850N).  Larson Davis 831, Serial No. 2984, was used to collect data at 
this location.  Observations during deployment were that the location was very quiet with no roadway 
noise heard during deployment and/or retrieval.  Figure 3-4 includes a photograph of the monitoring 
location.  Figure 3-5 provides the time history and Figure 3-6 provides the regression analyses of ambient 
sound levels during daytime and nighttime monitoring periods. 
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Figure 3-4. Photograph of ML-2 

 

 

Figure 3-5. ML-2 Time History Plot 
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Figure 3-6. ML-2 Regression Analysis 

 

3.3 Monitoring Location 3 
Monitoring location 3 was situated at a residence along S. Bofer Canyon Road in Benton County, 
Washington (UTM Zone 11T: 328433E, 5104539N).  Larson Davis 831, Serial No. 2985, was used to 
collect data at this location.  Observations during deployment were that the location a low activity 
property.  Some distance roadway noise from Interstate 82 could be heard.  Figure 3-7 includes a 
photograph of the monitoring location.  Figure 3-8 provides the time history and Figure 3-9 provides the 
regression analyses of ambient sound levels during daytime and nighttime monitoring periods. 
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